The condensed phase monomeric structures are metastable, and upon aging of the acid film and decreasing the temperature, the IR spectrum in the νHCl region quickly decays with concomitant development of a strong continuous absorption in the range of 2200-1100 cm -1 (Figure 3c-f ). This absorption is characteristic of acid dimers. Acids having polydentate oxyanions commonly dimerize, being stabilized by complementary pairs of strong H-bonds of the inequivalent O-H‚‚‚O-type (e.g. in carboxylic, dialkylphosphoric, dialkylphosphinic, 6 and nitric 7 acids). The low barrier to proton transfer between two minima of a double-well potential function is responsible for the appearance of a broad absorption for O-H‚‚‚O stretching, for example, in the 3000-1500 cm -1 range for strong phosphoric acid dimers. 7 In the present case of Cl-H‚‚‚Cl bonding, with a stronger acid and heavier atoms, the absorption lies at lower frequency, in the 2200-1100 cm -1 range. The dimeric form of H(CHB 11 Cl 11 ) can be obtained directly by rapid sublimation using high sublimation temperatures (200-260°C
) and immediate condensation onto cold cell windows ( Figure  4a A fragment of the crystalline phase (having νCH at 3039 cm -1 ) was used for single-crystal X-ray determination. As shown in Figure  5 , the structure contains linear polymeric chains with proton bridges between Cl atoms at the 7-11 positions of the carborane anions. These are indicated by short inter-anion Cl‚‚‚Cl contacts and lengthening of the associated B-Cl bonds. The Cl‚‚‚Cl distances involved in the two crystallographically independent Cl‚‚‚H‚‚‚Cl bridges are 3.171(3) and 3.209(3) Å, whereas all other Cl‚‚‚Cl nonbonding contacts are >3.36 Å. The B-Cl bond lengths of unprotonated Cl atoms lie in the range of 1.745(10)-1.796(10) Å, whereas those associated with proton bridges are 1.831(10)-1.845-(10) Å. The binding of the carborane anions to the acidic proton via Cl atoms from the 7-11 pentagonal belt rather than the slightly more basic 12 position (see monomer A, Figure 2 ) is probably a consequence of packing efficiency and statistical advantage. The same bias in the crystalline state toward the 7 rather than the 12 position was seen in the X-ray structure of i-Pr(CHB 11 Me 5 Br 6 ). 5 The H atoms were located in the X-ray refinement of [H(CHB 11 -Cl 11 )] n with the following dimensions: for one Cl-H-Cl bridge, Cl-H ) 1.28(9) and 1.92(10) Å, ∠Cl-H-Cl ) 166(7)°; and for the other, Cl-H ) 1.74(11) and 1.47(11) Å, ∠Cl-H-Cl ) 179-(8)°. While not conclusive, these data are consistent with somewhat unsymmetrical H-bonding and easy displacement of H along the trajectory between the Cl atoms.
If the Cl-H-Cl groups in the polymeric acid were symmetric with local D ∞h symmetry, only the doubly degenerate bend (ν 2 ) and the antisymmetric Cl-H-Cl stretch (ν 3 ) would be IR active. Bands corresponding to these vibrations are observed in the IR spectrum of the bichloride ion, HCl 2 -, which is a good structural model for the polymeric (and dimeric) carborane acid. In the solid state, the bichloride ion can be asymmetric or symmetric depending upon the cation, 8, 9 and when asymmetric, the ν 1 symmetric Cl‚‚‚ Cl stretch becomes weakly IR active (∼200 cm -1 ). The polymeric acid has quite similar bands (Figure 4) . Thus, the very broad and distorted band with maximum at ∼1100 cm -1 is assigned to ν 3 , the high intensity, broad band at ∼615 cm -1 whose shape is distorted by Evans holes 10 is assigned to ν 2 , and a weak lowfrequency band at 225 cm -1 can be attributed to ν 1 . The IR activity of ν 1 is consistent with the X-ray structure which indicates two types of ClHCl groups with different degrees of asymmetry. Together, the IR and X-ray data indicate strong, low-barrier, nearly symmetric H-bonding.
In summary, the gas and solid phase structures of H(CHB 11 -Cl 11 ) have been determined. Related data for H(CHB 11 H 5 Br 6 ) (see Table in Supporting Information) indicate that these structures are general for carborane acids. The different structures have implications for acidity. With the highest νHCl frequency and the smallest Cl-H‚‚‚Cl angle reflecting bond strain, the monomeric acid should show the highest acidity. Upon thermodynamically favored dimerization, angle strain in the Cl-H‚‚‚Cl group is presumably relieved, the strength of the H‚‚‚Cl bond increases, and the acid should express diminished acidity. In the polymeric crystalline phases, the Cl-H-Cl bonding is more nearly symmetrical and somewhat stronger than the dimer, so acidity will be further diminished. These differences may be important considerations when using gas and solid phase carborane acids to protonate the weakest bases. Figure 4 . IR spectra of different sublimed films of H(CHB11Cl11): (a) the dimeric form (black, dashed) and two polymeric forms (b) with νCH at 3039 cm -1 (red, studied by X-ray) and (c) at 3024 cm -1 (blue).
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Figure 5.
Perspective view of the proton-bridged X-ray crystal structure of H(CHB11Cl11) looking down the C-H bonds of the carborane anions (green ) Cl, orange ) B, gray ) C, white ) H).
